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•IBSTEaCT • . • " 

Presented is one of a series* of Hational ieronautics 
and Space Adiinistration (H£Si} facts about the explora^tion of ^ars^ 
In this publication^ emphasis is placed on the su^»s planet2[ry systei 
with note .made that the2;e is no one theory for the' origin and 
subsequent eroXction of the Solar Systei that is. >5[enerally accepted. 
.Ideas^ froM aany sciei\ti^ts '?ire poin^ted out. The plarfat-ary 
atMosj>heres^ clinatesr and* the secirch being lade for extra 
tet^restrial life aire discussed in this particular series. 
Photographs, .diagraoatic schemes and: a. rable' representing the 
evolution of liying systems on ^Earth are included. Student projects • 
are suggested as veil as a reading list. (EB) ' 
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. MARS AWD EAFffH- 

QOne of a series of NASA Facts about the explora- 
^tion of Mars. " ® 



. ^ OC^AJtTMCirT MC/ltTM« - 

COUCATIOM A WlLF/ltC 
MATtOMAL IMmTXfTC OF 
CDUCATIOM 
« * 

THIS o6ct}MENT HAS 6EEM 

OUC^O CXACTLV AS RECErvEO F^OM 

the^erson or organization origin, 
ating st, ^ints of vi cw or opinions 
, Stated oo not necessarily repre* 
sent official national institute of 
^ducation- position or policy 



The Sun's Planetary SystenL. 

^ It is important to be aware that ther6 is no one 
theory for the origin and subsequent evolution of 
the Solar System that is generally accepted. AH 
theories represent motfels whic^i fit some of the* 
facts observed today, but not all. Many scientists 
today consider that planets j^f the Solar System 
probably formed between four and" five billion 
years ago; all about the same time, as material 



condensed from a primordial solar nebula. The 
Sun atsa formed from this same material. After 
the. Sun had condensed, .planets of different sizes 
and probably different compositions originated 
from concentrations of matter present at various 
distances from the Sun. Electric ,and magnetic 
fields bf the" original nebula could bave forced 
these embryonic planets into orbits around the 
central Sun and spun them orv their own axes. ^ 
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grMUmpacWiw •Jmllarto this on M«rcury. luch, basins ar> dwt fllftd on Mara ao<l havt ba«i all but oWKtrat»<J on Earth. 



Matter also condensed within th6 youn^^olar 
System fn the form of. moyntain-sized cliunks of 
roqfc Some theories claim that these minqr planets 
were concentrated in a belt between the large, 
outer planets and the small, inner planets. Other 
theories postulated, that the concentration was 
beyond the outer planets. In the former case 
the asteroid belt would now represent today's 
remnants of this rnultitude of ^mall bodies. In the 
latter case the planet Pluto might be the sole 
visible remnant of^the outer nng of bodies. 

Such pfanetesrmate' woufd be perturbed by the 
growing planets and seot into elliptical orbits that 
would cross the planetary orbits. They might form 
the nuclei of comets, too. It has been calculated 
that within a few million years any orje of these 
bodies that crossed the orbits of planets would 
be either, captured by a planet or huried out 
of the Solar System. If captured, the planetesimal 
would crash into the planeVs surface and gouge 
a huge hole, such as a crater or a major impact 
basin. (Figure 1). . - 

The, very large craters and impact basins on 
Mars, the Moon, Mercury, and Venus are thought 
to be^the result' of the impact of falling bodies 
during this second period of planetary accretion, 
as the process of falling together is termed. The 
Earth also probably had large craters and impact 
basms early/in its history. 

While the inner planets of the Solar System fost 
lighter elements, such as hydrogen and helium, 
because they were too hot to hold these gasfes due 
to their proximity to the Sun and their relatively 
weak gravities, ^the outer, planets retained their 
hydrogen. Thus the planets of the Solar Sysfem, 
separated by the' asteroid belt, consist of rocky 
inner planets, .Merc^jry, Venus, Earth, and Moon, 
and Mars*, and fluid outer, planets, Juptter and 
Saturn, with compositions .similar to that of 4he 
Sun, and Urarius and Neptune, which may.be 
ice giants. Pluto is thought, by some scientists to 
be a large example of an outer belt of asteroidal 
bodies from which comets may be originating 
today. In some respects, too, it behaves as a 

very distant satellite of Neptune. 

>- 

There are striking differences among the five 
inner planets, and particularly between the* Earth 
^and the others. These differences are* important 
to our understanding why the Earfh is as it is 
today, and why the other planets are different, 
despite their fqrmation from common , building 
blocks at about the same time. 

Mercury is Moon-like in some respects, a cra- 
tered worid with virtually no atmosphere, but dis- 
playing evidenqe Of volcanic activity after its 



formation and bombarament niofdirjg, and also 
showing contraction around a Very dense core. 
Mercury, like the Moon, rotates very slowly on its 
axis, three rotations for every two revolutions 
around the Sun. Tlje Moon rotates once. each 
revolution around the Earth. Mars and Earth rotate 
quickly in close*to 24 hours. Venus has a.tinique 
backward rotatFon of 243 days^ 

Planetary Atmospheres 

After the formation of the planetary bodies there 
appears to have been a periorf of planetary heal- 
ing in which more dense material sank toward ^ 
the center of each planet to form a core, while 
less dense material rose to form a crust This is 
termed differentiation. The Moon and Mercury stifl 
show much of the ancient cratered surface on 
which there are some lava flows. Mercury exhibits 
compressive shrinkage around a cooling, iron-rich 
core, • f . 

« ^ 
Volcanic activities on the planetary bodies would 

release gases from their Interiors; water vapor and 

carbon dioxide with traces of other/gases. On 

Mercury and the Moon, these gases escaped into 

, space; they were lost from Mercury because of 

high* temperatjures close to the Sun, from the 

Moon because of it$,jiyeak gravity:. 

But on Venus, Earthy and Mars, the gases wefe 
retained, fee that these planets still have atmjs-. 
pheres. ' ' — ; — ' — ^ — : — 

Today, however, these atmospheres are very 
different. Venus has an extremely dense atmos- 
phere of carbon dioxide at the bottom of which 
the surface of the planet is hot enough* for lead 
to melt (480Xr SOO^'F). On Mars the atmosphere 
is again predominantly carbpn dioxide, but at a, 
' very low pressure, anS the planet has a cold ' 
surface. On £arfh the atmosphere is predominantly 
nitrogen with some oxygen and traces of carbon 
.dioxide. Most of Earth's carbon , dioxide has been 
bound with the rocks of the Earth's ^crust as 
carbonates because of the presence of much 
water. Both Venus an^i Mars seem very deficient 
in ^ater compared ^^th the Earth, which may be 
why their atmospheres are predominantly carbon 
dioxide. / - : * 

Why are Earth, Mars and Venus so very differ- 
ent? Their distances from the Suij are not much 
different pompared with the great distances of the 
outer planets. Could E^rth become like Mars or 
Venus? How might this happen? These questions 
intrigue scientists today and they are importarit 
for other people too. Perhaps man'^ industrializa- 
tion of the Earth, or a series of major volcanic 
eruptions, could ^ufificiently phange Eart'h's atmos- 
phere to push it toward tfje Mars or\Venus state. 



it IS t^us important to gather as much informa^on 
as possible about the^other planets to make sure 
that mans activities. on Earth will not lead to a 
planetary^ catastrophe here. 



planetary Climafes 

At present scientists ar^ concerned that the 
climate of the Earth is changing; growing generally 
colder. They believe that the Earth is still in an ice 
age that began about 1 million years ago, though 
nqt now at tne severest . pan ot iihe ic^^^er 
Although they dp not know how quickly climatic 
changes occur, they do know from the record of 
fossils that several hundred million years ago 
Earth experienced a very warm period. These 
changes to world climate could result from varia- 
tions, in the radiation from the Sun if the Sun Is a 
variable star, as well it might be. 

The climate of a planet is governed by three 
major factors;, the amount of radiation it receives 
from the Sun, the tilt of its axis of rotation, and . 
the eccentricity of its orbit around the Sun. Wh&t 
a planet does with the radiation it. receives from 
the Sun is also governed by th^ corhposition of 

- its surface and its atmosphere. A reflective planet 
(high albedo) that sends the Sun's rays back Into 
space, will be cooler than a dark planet (low 
albedo) that absorbs the solar rays. And the 

^ lniusp1 ' ia{< ^> too , govBrn^^h t^-WBTgy-b^^m ^e^bi^ 
tWeen solar radiation received and radiation sent 
back into space. 

Satellites, have measured thdt the Earth should 
reflect about 35 percent of the sunlight falling 
upon it. But the balance of the sunlight absorbed 
.by the Earth would only raise its^ temperature to 
about — 18^C (O'^F), The oceans would freeze. 
Why. then is the Earth so warm? The incoming 
sunlight is converted to jnfrared radiation by the 
Earth's surface, and because of thej)resence of 
carbon dioxide and water vapor in the Earth's 
atmosphere, the 'infrared radiation Is trapped In 
the atmosphere. The atmosphere behaves like the 
windows of a greenhouse, it allows the solar radia- 
■ tiwi in, iut does not let the heat energy out. The 

- planet heats up fike the Inside of an automobile left 
. in the sunlight op a cold day with all Its window^ 
, rolled up. This is termed the ''greenhouse effect." 

Now If the temperature of. the Earth should 
drop a few degrees, the. amount of water vapor 
In the .atmosphere would decrease because cold 

' air cannot be as humid at hot air. With less water 
vgpor In the air the greenhouse effect on ^Earth 
would be reduced, and the temperature wo.)^ fall 
3tl)l more. In this way a slight change In the overall 

• temperature of the Earth could precipitate a run- 



away effect to a glaciated planet The opposite Is 
also true; a slight rise in Earth's overall tempera- 
ture could trigger a heatlng'^effect^tJfaf would 
continue Until the Earth became a hothogpe-p!ftf« 
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Figure 2. Tht grMnhout* efftct It lllustralMf^or the thrM 
. planett, V«ni^, Earth and Mart, attumlng-tach/wrt nt through 
a ptrlod when water and cartx>n dloxlda vtrfttd from tht 

* crutt into a prlrpUlve atmotphtrt. Becautt Vtriut wat warm, 
bttng dottr io tht^ Sun, Itt atmotphtrt cowd hold much 
water vapor. The plant! htated to tht point which octant , 
could not condente. On Earth the temperature wat right 

^ for tome water vapor io tnter the atmosphere and mott to^ 
condente into octant. On Mart, the ttmperature wat too 
cold, foott.wtttr rtmalned frozen and venr little wat «|»t 
to tnttr the atmotphtrt* 



Such changes might be brought abput by a 
change in the tilt of the Earth's axis which would 
alter the effects of sunlight falling on the pol€i$ and 
the equator. They might also be brought about by 
particles suspended , in the Earth's, atmosphere 
which would affect the reflectir>g properties of the 
planet. A major volcanic eruption might thus 
change the Earth's climate drastically. 

It is bejieved that Venus is an example of a 
planet ort which the greenhouse effect has run 
away with itself (Figure 2). When the planet 
formed, its surface Jnight have been warmer than 
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Earth because of Venus' proximity to 'the Sun. 
Thus there would be more water ^apor in the 
atmosphere of Venus than in the atmosphere ot 
Earth. Trapping solar radiation, the atmospherd 
of Venus would have become hotter and hotter 
until all its primitive oceans boiled off into the 
atmosphere and the carbon dioxide was not al- 
lowed to combine into carbonates jn Venus' crust 
as happened on Earth. Over eons of tinte the 
oceans lt\ the atmosphere of Venus v^ere broken 
down by.solar radiation into oxygen and hydrogen 
which escaped, intd space. 



An alternative theory suggests that Venus 
accreted from materials. of the solar nebula that 
did not contain w^ter and. therefore, the plarret 
did n5t possess any water when formed. . j-- 

OaMars. by contrast, the primordiarplanet was 
colder than the Earth and never entered a hot 
phase. Rather. Mars was forced m^Xhe opposite 
direction. Water was permanently frozen in the, 
martian crast. and even carbon dioxide froze into 
polar caps until an equilibrium, or balance, was 
reached betweerr the ajonount of frozen 'carbon 
dioxide and the amount of the gas in the atrhos- 
phere. At the prfesent temperature of Mars this 




Figura 3. ThMt srnuout rfvcr-llk» b«dt on Mars M«m to 
fmiily past,p«rIod of great watar flows. 



i>alance is reached with an atmosphenc pressure 
of less than one^ hundredth that of tfe ^arth s 
atmosphere, compared with Venus* surface pres- 
sure of nearly one hundred times that of Earth. 

On Mars, slight changes to the overall tempera- 
ture of the planet ^because of changing albeclo, 
changing tilt of the planet's axis, or changing ec- 
centridty of its orbitl could pioduce vast chari^es 
^0 its atmosphere. lt\he tefnperature on Mars rose 
just slightry,_ more carbon dioxide would vaporize 
from the polar caps and make th^ atmosphere 
jenser7-Theft-oi<cutatton-ffom-eqtiator^o-lhe poles^ 
would be able to . carry more solar^heat to the 
poles and vaporize even more carbon dioxide. 
Thus, the temperature and the atmosphenc pres- 
sure of Mars would confmue to rise until all •the 
carbon droxide was in.the atmosphere. Under such 
conditions, the pressure of the Martian atmosphere 
might.be high enough for bodies of liquid water 
to be present "in all low regions of Mars and for 
rivers to flow into .mint-Marfian oceans. 

It is fascinating to see that the sinuous arroyos 
of Mars (Figure 3), which defy explanation except 
as resulting from running water sometime- in the 
past, have so few crafers on them that they can- be 
dated as extrerriely yoCing; possibly only 200 to 500 / 
^ million years. And it is known that about that same ! 
time the Earth was suffering a hot spell, perhaps 
from an increase in solar radiation that warmed 
both planets at the same time. Now, with the Earth 
irr an ice age. Mars, too, is in an ice age. The big 
question is; how long and how deep wilf the ice 
age become? . ' . ^ " 

There are, however, other ways in'^which Mars 
c^n heat up and have water flow on its surface. Be- 
cause of the gravitational influence of Jupiter the 
tilt of the Martian axis can change within a period 
of hundreds of thousands of years, and . with a 
greater tilt .to this axis the poles would be pre- , 
sented more to the Sun. The consequence would 
be a runaway heating effect. It has been calculated 
that the polar regipfis of Mars would need only one 
century *6f solar heating at 20 percent more than 
they receive today for the-Yunaway heating effect * 
to start. This could result from the Martian axis 
tilting brtly 5 degrees more than today, which is 
well within the calculated amount 4hat could be 
produced by Jupiter's gravity/. 

Today, scientists are becoming concerned that 
Jhe Earth^s plimate is not as stable as was once 
thought. Even very small changes to Earth*s climate 
can have far-reaching consequences to the peo- 
ples of Earth since today, we are so dependent 
upon kJtensive.agriculture based on c^s-that are 
resistahtto disease but have virtually no resistance 
to climatic changes. Thus, knowing what is hap- 



pening on other worlds assumes increasing Im- 
portance to understanc(ing, controlling^ and -safe- 
guardrng our own woridL 

And this leads naturally to the major qu^tlon; 
Why Is there life, on Earthr Is there fife oh other^ 
worlds, particularly on Mars? 



Living Systems — ^The Search 

for^Extratenestrial Life 

- *■ ' 

Lif^ight be d^cribed as an unexplained force 
"that somehow organizes inanimate matter fnto a " 
living system that perceives, reacts to, ancSevolves 
to cope with changes to the physical environme'nt 
that threaten to destroy its organization. 

In 1953, a mixture of hydrogen, methane, am- 
monia, and water vapor — the, kind of atmosphere 
that Earth might have had soon after it was formed 
— ^was treated in a laboratory (Figure 4), Scientists . 
passed electrical discharges through the.,gas mix- 
ture and were surprised to find that the electrical 
energy changed some of the simple gases into 
.more complex compounds of carbon, hydrogen, 
iiitrogen, and oxygen;* into molecules known- as 
artimo acids which are believed to be the ess^tial 
building blocks.for alt living systems. 

Today it is ge'nerally believed that natural proc- 
*e^es such as lightniog^and radiation from the Siin 
cai^hproduce complex chemicals to form building 
blocks for Jiving things. In fact, some of the com- 
plex chemicals are found in the s'pace between the 
stars and on meteorites (the familiar 'falling stars'); 
smalfrocjcs that plunge into th? Earth's atmosphere 
from, space, the debris remaining from the forma-^ 
. tion of the Solar System. 

At some point in the past, probably about '3% 
billion years ago, someJlhing organized the com- 
plex carbon-based molecules on Earth into living 
systems which -jvere then abfe to make cqpies of, 
themselves — to reproduce. Life had been created. 
Fro/n then on, according fo one theory, that of evo- 
lution, by flight changes to subsequent copies, bio- 
logical evolution produced all living things on 
Earth, all using the same basic ^1 amino acids as 
building bloc^^s. At one stage, the theory continues,, 
a special consciousness emerged that gave rise to 
Man himself, a living sy stem that can contemplate 
not only itselfT)ut also the whole of the universe in 
space and time (Figure 5). By contrast, most reli- 
gious theory views "Man as the result of a unique 
creative event. . . 

A big,quest|oi1* is whether or not life originated . 
on other planetary bodies as it did on Earth. We 
know from the Apollo program .that it did not ^ 
evolve on the Moon. There Is no life there today, 
, nor any trace of life having *been there In the 
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Rgur« 4. Thit \% a timpi* digram of tht a|>pvYtua 
ft)9n*d by SUnlty MHItr In 1956 to procJuce compJtx,4»olj- 
cultt from ^nipl* 9«»et by th* energy, of an eltetrtc spark. 
This It b^Jtvtd lo ba ona way In which Ufa pracuraort may 
avoYva in planataiy atmoapharcs. 
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FIflura 5. Tha avol^tlon of flving tyttama oa Earth- Tha quaa- 
tlon It whathar or not a almlfar evolution hca Ukan place 
jon Mara, and If ao, how far haa K progreaaed? 

past- Mercury, too, looks most Inhospitable to life, 
as does Venus. Some of the outer planets are 
candidates for life such as Jupiter and large 
satellites- But within, the Inner Solar System only 
Mars seems to present a.possibillty of Iffe besides 
the Earth- ^ , , ' 



In earRer centuries there was much speculation 
about life on Mars; linear markings, now known to 
;be mainly an optica effect, were categorized as 
*canals" (channels),-across the -surface, and the 
e\ndence of an ancient civilization*; the ctose*ih 
photography by NASA's Mariner 9 shows no "evf- 



dence of life^on Mars, but It is important to realize 
that most space vievs of Earth show no evidence 
of life on that planet eitherl • 

' *^ ' 

One thing is certain; life as we know it on Earth 
can adapt to adverse conditions; R lives In hot 




springs and .tn Arctic ice, il lives in the depths of 
^the pceans ind the tops of the highest mo^untains, 
it livfes in sulfuric acid and in the cooling water 

- -"OfTTffclearVeactors. Some algae Bven gfow in salt ^^ • 

pools and they explode and die if they are placed 

• , in Iresh water. Flowers Will blossorn. ^ter rain 

on the .Cinder 'cones of desert volcanoes (Rgure 
6). Plants grow where there is never any rain: they 
extract, their moisture from dew each night 
Kengaroo rats do not d^k. They make water by 
synthesizing it from sugar in their food. 

If Martian life adapfeS^lo jts eriviconnreiir"3S^* 

• life on Earth did, it must today exist in a virtually 
watertess world, drier than th6 drjes,t deserts,, of 

♦ Earth. It must resist ultraviolet light (the rays that 
b^se sunburn) stronger than on any mountain- 
*topsof Earth. It must resist raging dust storms arid 
temptiratures that dip to hundreds of degrees 
below zero each night. } 

Experiment^ in laboratories of Earth have shown 
that such adaptation is possible. Earth organisms ^ 
have thrived under simulated Martian, conditions. 
*Only a few inches below the surface of Mars, an 

- organism might be prdtected (rom solar ultraviolet, 
temperature extremes,\ dust' storms, and be in 
touch with frozen water that it could tap-by biologi- ^ 
eal heating. It may, indeed, be an ice eater rather 
than a water drinker; a- wckm-like, creature forever 
burrowing beneath the f roaein soil. There are snow 

wnrm<^ on- EartMh^L-eajik 

even bacteria on Earth pal can. •extract waier^ 
directly from salt crystals anc^ this needs as much , 
energy as extracting water v^s vapetifrom the. 
Martian atmcjf phere. " - . ' 

Mars creatures might also protect tbeir bodies 
as many Earth'creatures do by growinq hard out6r 
cases or shells. And just as Earth creartures (nove& 
from the oceans to escape competition^there. so 
Martian creatures might have evolved to live under 
. the harsher conditions which prevail today on the 

• planet's surface. 

Also, in the pa^t. Mars might have had plenty ^ 
of water. Life on Mars might have life cycles ' 
geared to the pluvial periods of Mars, when, 
thousands of years apart, there are times when the 
pjanet warms up. There are many examples on * 
Earth of- this fo<"m of life adaptation, though for 
much shorter periods. There are Earth creatures 
that hibernate for a single winter and others that 
•remain dormant for lo'ng periods of drought in 
'desert dry lakes. When, scores of years apart, 
these lakes filKWith water for a short season, th^ey 
are soon teeming with the prevfously dormant life 
revived by the water. 

The search .for life on Mar? is perhaps one- of 
the most ^fascinating activities of mankind in this 

> 

o • • • ' ' "i 
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Flgur» 7. Orr Jidy 4, t9>$» m Amirr<e»rt spictcfift, Y\}dng, 
wIH «ttrt to ttunAt for Hf« on W«rs.,TO» •rtl«l'« conc^ 
show* the ofblltr hffih ^kjw th« Und^ and lt» Jf ttfeon^i 



da/ and age. Jf Ufe-is discovered vn Mars if wlfl 
be important to find out if it is based on the same 
ammo acids as Earth life, or if there was a separate 
act of creation, ft is also of great interest to jfind 
out If the life. evolved only to tfie simplest of 
bacterial forms^ of did it. as on Earth, evolve into 
more complex forms to, meet competition with 
other living systems and to 3urvive a Gbanglng, 
environment. ' » : . ' 

If there is no evidence of life on Mars^ and such 
evidence will not be really concllusive until exten- 
sive searches have, been made over large areas' of ~ 
Ihe Martia n s u r face , it wilt be even more important 
for people' on Earth to preserve theijselves and 
their planet because of their uniqueness. Mail- 
kind may have to be p/epared to accept a greater 
destiny than learning to live in Ji^rmony ,ori its 
planet of birth.Wt may have to acpept the responsr- , 
bility of spreading living systems thrpjughout the 
Solar System and into the cosmos. > > ^ 

. To search for Jife' ofl Mars it is jiecessary».to ' 
put a lander on "t|ie Martiap surface (Figure 7). 
The United States bas such a spacecraft— two in 
fact. If afl goes according to^ plan thejirst jWII land 
on Mars orf July 1976,^ the bicentennial day; ^ ' 
fittihg tributato the pioneering and forward-looking 
spirit of the Ah\erican people. This NASA^ project 
to land life-seeding spacecraft on. Mars is called . 
Viking. It is described ih the next-booklet bf this 
series. * . 

STUDENT INVOLVEMENT 
Project One 

Compare the plane^ts Earjh, Mars and Venus ih 
terms of 'size, location in 'the Solar System, and 
physical characteristics. Prepare a tiable and 
sketches of these data for reference. 

* , 
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. ^ojecf Two 

':Deflne the limits of conditions for life as yv* 
know if on Earth, and compare the extremes for 
/ different forms of life on our -planet— plants, mam- 
^ mate, man; bacterif, algae, viruses— in terms of 
- .temperature, ^pres|ure, water, salinity qf water.^ 
"^ f Araihese limits gr^est for energy-gathering life 
J" Jorms (phptosynth^zers) or for eaters?' 

, Pro|ecl Three 

7/ Design an Interplanetary spacecraft either as- a 
L_5rpup or individual ^project. * 



1 a) "Classier the planets In. a convenient scheme' 
and identify three major prpblems in 'exploring 
'-^ -^em— atmosphere^ radiatior^ temperature. What 
= — techniques can be used to Stplore the planets? 
Rrobes, orbiters, atmospheric prob^, landers? 
D^ne missions for each i^pe of spacecraft In 
, th^ fecploratiOD of Ktarsr 

* pliroagine yoii are -a- Martian: define th^ type of . 
^spacecraft you might use to explore Earth and try 

to firtd out if there is life on Earth. 

d) For both designs O.'e. to explore Mars and to 
. , explore EarthJ give details of the power supply 

(electrical batteries, solar pqwer, nuclear power), 
experiments (cameras, life-seeking devices, radia- 
. Jiph and temperature measurers, meteorological 
-^instruments),- and* the configuration (shape of 
- spacecraft^ si2:e, landing equipment, radio system). 

e) Pf eparp a sketqh df each spacecraft. 

K Project Four ' v , 

Select a, siife for a lander on ^arth and on Mars 

a) plscus^'how you -would define ifte. * 

b) Whal iypefei of instruments Would you recom* , 

* ment to. detect this life: . ' ^ . 

[)- In oceans * * - 
H) In dried-up water channete, . * '/ 
. iu) Jn dry ocean basir^s " • . ' 

, Iv) In deserts . • . \ 

. 'V) On mountain tops * * * \. 

V ^i) Ort polar caps- ' :^ * * 

yii) ^Isewhera on- the^two planets? 

' cy What cbnclusidns could you dfaw-cibout life on 
— Earth;,given that you defegted life at' any two of 

* the chosen sites? ' \ '}'■ 

d) Where would you select landing sites' on Mars ' 
as most likely to show evidence of Martian life? • 

Project Five 

Space-related drama,^ dance, or body movement 
' activity.. Imagirte that you |tre a creature of another . 
planet. Show how you move, first describe your- ' 
self and your environment^ and then portray your- 
self. ' *' ^ " 



a) veiy little gravity ' - 

b) crunching gravity * • ' ^ * 
cKa blinding sun so you must fe^l rather tran 

see ' ' - . 

• Your planet may be; " : 

a) all liquid . . 

b) ''all''gaseous ' ; 
o) all solidUsurf'ace 

d) cpmbinatjons of these - * 

• You may be: * - ^ 

\ a) shaped like a. ball * " 

b) equipped with many tentacles 
: c)- a-single-organism- 



Suggestions: * • 

• YoUr^planet may have: 



d) a group, like a colony of ants ♦ 

e) microscopically small ' 

f) gargantuan 

g} a parasite • . * . A 

h) equipped with* very different sensed uslngr 
for example, touch instead of eyes, sound 
instead of touch, smell instead of taste, 
and .the like. . • ^ 

i) a symbiosis of machine and living sysJem 
such as a biological brain in a mechanical 
bo^y, or an extended comp)j{erlzed elec- 
tronic brain (cerebrum cortex) coupled to 
a small biological cerebellum jn a biologi- 
cal boc' 



' Suggested Beading . ! 

' MARINER^S EVIDENCE OFV\ FORMERLY WATERY 
MARS, E, Driscoll, Science News, v. 103, 
. n. 10, 10 March 1973, pp. 156-158 

THE CHEMICAL ELEMENTS OF LIFE, E./rleden, 
Scientific American, v. 227, n. I. July 1972, 
• ' pp. 52-60 " . ' 

THE jSlhPAC^ OF ."Mar's," N. E. Howard, 
Astronomy, v. 1 n. 2, September 1973,, pp. 
' - ■" , ' ■ 

MARS STUDIES, various authors, Icarus^ v. 18, n. 1, 

• 'January 1973, entire issue. 
EXPLORING THE SOllAR SYST£M-(!) AN EMERG- 
ING NEW PERSPECTIVE, A, L. Hammond, 
Science, ;v. 186, n. 4165, November *1 974, 
pp. 720-724 , 

.EXPLORING, THE SOLAR SYSTEM (II) MODELS 
OF THE ORIGIN, W. D. Metz, Science, v. 
•186, n. .4166, 29- November 1974/? pp. 814- 

818 - : ^ 

IS THERE LIFE ON MARS, G. Berry, The Ward 
, Ritchie Press, L. A., 1973. ' ' 

THE PLANET^ TODAY, Various authors, The Royal 
Society of London, 1974 * 

THE ORIGINS OF LIFE ON EARTH, P. Clark and 
R. L. M. Syng (eds.) Pergamon Press, N.Y., • 
, 1959 
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